Entamoeba histolytica adherence and destruction of host cells is required for in vivo pathogenicity; amebic in vitro adherence is mediated by a galactose-or N-acetyl-D-galactosamine-inhibitable surface lectin (Gal/GalNAc adherence lectin). Free intracellular Ca2+ concentration ([Ca21] Entamoeba histolytica infects 10% of the world population and is the third leading parasitic cause of death (41) . The pathogenesis of invasive amebiasis apparently involves attachment of virulent organisms to the intestinal mucus layer, depletion of colonic mucus with disruption of mucosal barriers, and amebic adherence to and cytolysis of host epithelial and inflammatory cells (3, 4, 23, 41) . The determination of the biochemical and cellular bases for E. histolytica adherence and cytolytic mechanisms should lead to the development of immunologic or pharmacologic means of disease control.
and death of the target cell. Target CHO cells contiguous on a monolayer to a cell contacted by an ameba experienced a rapid but reversible rise in [Ca2+]i (P < 0.01) and were not killed. Galactose (40 mg/ml) totally abrogated the rise in target CHO cell [Ca2i]1 that followed contact by amebae (P < 0.01); immunoaffinitypurified amebic Gal/GaINAc adherence lectin (0.25 ,ug/ml) induced a rapid and reversible rise in CHO cell [Ca2+]i (P < 0.01) which was inhibited by galactose. Amebic [Ca2+]i was not elevated following parasite adherence to target cells; a rapid and substantial rise in target cell [Ca2+Ji occurred which was mediated, at least in part, by the Gal/GalNAc adherence lectin of the parasite and led to the death of target cells.
Entamoeba histolytica infects 10% of the world population and is the third leading parasitic cause of death (41) . The pathogenesis of invasive amebiasis apparently involves attachment of virulent organisms to the intestinal mucus layer, depletion of colonic mucus with disruption of mucosal barriers, and amebic adherence to and cytolysis of host epithelial and inflammatory cells (3, 4, 23, 41) . The determination of the biochemical and cellular bases for E. histolytica adherence and cytolytic mechanisms should lead to the development of immunologic or pharmacologic means of disease control.
We have learned from in vitro studies of the interaction of axenic E. histolytica trophozoites with mammalian and human target cells (24, 25) that amebic adherence to target Chinese hamster ovary (CHO) cells, rat and human colonic epithelia, human erythrocytes and neutrophils, and Chang liver cells is mediated by an amebic surface lectin which is inhibited by galactose or N-acetyl-D-galactosamine (Gal-/GalNAc adherence lectin) (4, 20, 25, 26, 28, 34) . By using carbohydrate affinity chromatography and recognition by adherence-inhibitory mouse monoclonal antibodies, Petri et al. (20) recently isolated the 170-kilodalton E. histolytica Gal/GalNAc adherence lectin. The inhibition of amebic adherence by galactose or N-acetyl-D-galactosamine abrogates the ability of amebae to lyse target cells (25, 28, 33, 34) .
Amebic in vitro cytolytic activity is inhibited by the calcium channel blockers bepridil and verapamil, the putative calcium antagonist TMB-8, and by chelation of extracellular Ca2+ ions with EGTA (ethylene glycol-bis(,B-aminoethyl ether)-N,N,N',N'-tetraacetic acid) (27, 31) . In addition, the activity of a membrane-associated calciumdependent phospholipase A enzyme is also required for * Corresponding author.
parasite cytolytic activity (14, 27 [16, 28] ) were grown in TYI-S-33 culture medium with penicillin (100 U/ml) and streptomycin (100 ,ug/ml) by the method of Diamond et al. (5) and harvested as described earlier (24) . Amebae were washed twice in medium 199 (GIBCO Laboratories, Grand Island, N.Y.) supplemented with 5.7 mM cysteine, 25 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid), and 0.5% bovine serum albumin at pH 6.8 (M199s) (28 (1 ,uM) , and Rmax was the value obtained when calcium-saturated cells were studied in Hanks balanced salt solution with CaCl2 (10 mM) and ionomycin (1 to 5 ,uM) added. Evidence for deesterification and calcium responsiveness of Fura-2 in the cells studied included an increased ratio in response to ionomycin (Rmax was 1.83, 5.12, and 2.27 for amebae, CHO cells, and PMN, respectively). There was no increased Fura-2 signal observed when amebae or CHO cells were incubated for an additional 15 to 60 min at 37°C postloading as utilized in other studies (45) , indicating that there was maximal availability of intracellular deesterified free Fura-2. Fura-2 was uniformly distributed in amebae, CHO cells, or PMN without evidence of intracellular compartmentalization during the period of study.
Purification of Gal/GalNAc adherence lectin of E. histolytica. The amebic Gal/GalNAc adherence lectin was purified as reported elsewhere (20); the lectin-specific mouse monoclonal antibody (H8-5) (20, 29) was purified from mouse ascites on a protein A-agarose column (Sigma Chemical Co., St. Louis, Mo.). Purified antibody was coupled to Affigel 10 (Bio-Rad Laboratories, Richmond, Calif.) and extensively washed. Amebae were solubilized in 0.1% Triton X-100-50 mM Tris-10 mM EDTA-150 mM NaCI-50 mM KI (pH 8.0), with insoluble debris removed by centrifugation at 10,000 x g for 10 min. After application to the affinity column, the column was washed extensively with the above buffer until no amebic proteins were detected (A280) in the flowthrough. The lectin was eluted from the column with 50 mM glycine (pH 2.5). The pH of the eluate was adjusted to 7.0 with 1.5 M Tris (pH 8.8) , and the sample was concentrated in Centricon microconcentrates (Amicon Corp., Lexington, Mass.). Protein was assayed by the method of Bradford (2) (Fig. 8) .
Effect of galactose on the E. histolytica-mediated elevation of target CHO cell [Ca2"Ii. Initiation of amebic cytolysis of target CHO cells and neutrophils requires binding by the 170-kilodalton Gal/GaINAc adherence lectin of the parasite (20, 25, 28) . In this study, in the presence of galactose (40 mg/ml), contact by an E. histolytica trophozoite was not followed by a rise in target CHO cell [Ca2+]i (Fig. 9) glucose (40 mg/ml) had no inhibitory effect (Fig. 10) . The lectin-mediated elevation in CHO cell [Ca2], was comparable in rapidity and magnitude to that observed upon contact by viable amebae (Fig. 5) 30 , 60, 120, and 180 s; n = 6). In contrast, the addition of glucose (40 mg/ml) had no effect on the E. histolytica-mediated rise in target CHO cell [Ca2+] (n = 3; data not shown). PRE, Precontact.
of the Gal/GalNAc adherence lectin per ml resulted in a galactose-sensitive but irreversible rise in [Ca+ 2I with rapid CHO cell death as evidenced by morphologic dissolution and leakage of Fura-2 at 60 s of incubation (n = 6).
DISCUSSION
We demonstrated that motile E. histolvtica trophozoites had oscillatory regional increases in [Ca2 F i which were unaltered during and following contact with a target cell. Contact by an ameba induced an irreversible rise in target cell [Ca2 2]j. This effect was galactose sensitive, and a comparable increase in CHO cell [Ca2 ' was observed with the purified E. histolvtica Gal/GalNAc adherence lectin.
Taylor et al. (40) studied aequorin luminescence in the free-living ameba Chaos (carolinensis and noted that continuous luminescence was maximum at the tail, with spontaneous pulses occurring primarily in the anterior half of the cells. In addition, Pollack (22) (38) ; in addition, the sustained rise in [Ca' ji in hormonally stimulated hepatocytes and murine lymphocytes exposed to anti-immunoglobulin is now resolvable into repetitive oscillations between resting and transient peak levels in the micromolar range (46, 47 (6, 7, 18, 36, 37) . There is substantial evidence that cell death induced by the calcium ionophore A23187 or hypoxia results directly from increased
[Ca2+]i (6, 7) . In vitro, the lethal effects on hepatocytes of galactosamine, CC14, and phalloidin depend on the presence of extracellular calcium ions; yet there is no evidence that the interaction of these cytotoxins with the cells depends on calcium (6, 7, 11, 36 (32, 48) . The amebic pore-forming protein induces lipid vesicles or planar bilayers to become leaky to Na+ and K+ ions and, to a lesser extent, to Ca2+ ions (15, 19, 32, 48) and can depolarize erythrocytes (48) . Although the 13-kilodalton amebic ionophore protein is a possible mediator of the E.
histolytica-induced rise in target cell [Ca2+]i, it is unlikely to be responsible for our observations with the purified Gal/ GalNAc adherence lectin. This is due to the specificity of the monoclonal antibody used in purification, the lack of lowmolecular-weight proteins (<30 kilodaltons) on sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the purified lectin (20) , and the galactose-specific inhibition observed. However, at this time, we cannot rule out the possibility that the Gal/GaINAc adherence lectin contains the pore-forming ionophore as a subunit.
E. histolytica cytolytic activity requires binding by the amebic Gal/GaINAc adherence lectin (20, 25, 28) , maintenance of an acid pH in amebic endocytic vesicles (30) , amebic microfilament function (25, 28) , and activity of a membrane-associated calcium-dependent phospholipase A enzyme (14, 27) and can be stimulated by the addition of phorbol esters (42a) . The present report indicates that death of the target cell; however, diverse mechanisms could lead to this final pathway. The amebic Gal/GalNAc adherence lectin molecule may be solely responsible for amebic in vitro cytolytic activity; other parasite factors may only be important in relation to the optimum presentation and delivery of this lectin cytotoxin. Alternatively, additional amebic toxins, such as the low-molecular-weight ionophore protein (15, 49) , acid optimal lysosomal enzymes (30), or phospholipases (14) may also be directly contributory.
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